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Collaboration membership, authorship

• 580 collaborators, 75 institutions, 15 countries 
• updated our approach to determining “member in good 

standing” (MGS) for authorship for publications 
• individual collaborator response to MGS survey 
• scope of current work, desire to be considered MGS, 

contact info, affiliations, speaking topics 
• author list for new publications =  

MGS lists for years in which relevant data were taken + MGS 
list for current year +  
spokespersons’ exceptions based on contributions 

• regularizes inclusion of more recent collaborators, post-docs 
• provides way to correct oversights and update information
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Highlighting young scientists in the collaboration: every 
month we ask two young collaborators to tell us how they came to 
be in PHENIX, what their interests are, and to provide a picture. 3



PHENIX Collaboration Management

• Co-spokespersons:  
Jamie Nagle (Colorado), Dave Morrison (BNL)  

• Deputy spokespersons:  
John Lajoie (ISU), Yasuyuki Akiba (RIKEN)  

• Director of operations: Mickey Chiu (BNL) 

• Run-15 coordinator: Doug Fields (UNM) 

• Run-15 spin coordinator: Itaru Nagagawa (RIKEN)
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Publications and data archiving

• As part of preliminary data approval, strengthened 
emphasis on an articulated path to publication 

• PHENIX has submitted 24 manuscripts for publication 
over the last 12 months – a record for the collaboration! 

• Comment at last review that PHENIX should archive final 
data values by uploading to HepData (we already 
required final data as locally hosted text files) – we now 
have final data for 25 publications uploaded to HepData.
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Large direct photon yield, extension to lower pT 
and centrality dependence

6arXiv:1405.3940
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for di↵erent lower pT integration limits. The dashed
lines are independent fits to a power-law.

the shape of the spectra with centrality, very similar to
our data. A hydrodynamic model [37] shows a power
law increase of the yield with a power ↵ in the range
from 1.67 to 1.9, increasing monotonically as the lower
integration threshold increases from 0.4 to 1.4 GeV/c.
Photon production in a glasma phase [22] was predicted
to scale with N↵

part with 1.47 < ↵ < 2.2. Other new pro-
duction mechanisms, proposed to address the large v2,
have distinctly di↵erent centrality dependence. The yield
from enhanced thermal photon emission in the strong
magnetic field is expected to decrease with centrality, as
the strength of the field weakens with decreasing impact
parameter [19]. The thermal photon yield should thus
increase more slowly than expected from standard pro-
cesses, but a quantitative estimate is not yet available.

V. SUMMARY AND CONCLUSIONS

We have isolated the low momentum direct photon
yield emitted in Au+Au collisions. The shape of the pT
spectra does not depend strongly on centrality, with an
average inverse slope of 240 MeV/c in the range from 0.6
to 2 GeV/c. The yield increases with centrality as N↵

part

with ↵ ⇠ 1.5. In conclusion, these results will help distin-
guish between di↵erent photon-production mechanisms
and will constrain models of the space-time evolution of
heavy-ion collisions.
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Based on external conversion in detector material 
 able to go to much lower pT ~ 400 MeV/c 

Very differential – able to map out 
centrality and pT dependence in detail
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Azimuthal anisotropy of direct photon production
Analysis technique using real photon conversions. Results are 
very consistent with the previously published PHENIX results 
using internal conversions of virtual photons.  

7First measurement of direct photon v3

Continues to be tension between large direct photon yields (preferring early emission) 
and large v2 (preferring late emission).  Direct photon v3 adds distinguishing power.



Longer range azimuthal correlations in d+Au
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Following on publication of two-particle correlation measurements in d+Au (Phys. 
Rev. Lett. 111, 212301 – Published 20 November 2013), use muon piston 

calorimeter (MPC) for longer range correlations to minimize jet-like autocorrelations.
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The data were obtained from p+p in the 2008 and 2009
experimental runs and d+Au in the 2008 run with the
PHENIX detector. The event centrality class in d+Au
collisions is determined as a percentile of the total charge
measured in the PHENIX beam-beam counter covering
�3.9 < ⌘ < �3.0 on the Au-going side [16]. For the top
5% central d+Au collisions, the corresponding number of
binary collisions and number of participants are 18.1±1.2
and 17.8± 1.2 respectively [16].

Charged particles used in this analysis are recon-
structed in the two PHENIX central-arm tracking sys-
tems, consisting of drift chambers and multi-wire propor-
tional pad chambers (PC) [17]. Each arm covers ⇡/2 in
azimuth and |⌘| < 0.35, and the tracking system achieves
a momentum resolution of 0.7%�1.1%p GeV/c.

The drift-chamber tracks are matched to hits in the
third layer of the PC, reducing the contribution of
tracks originating from decays and photon conversions.
Hadron identification is achieved using the time-of-flight
detectors, with di↵erent technologies in the east and
west arms, for which the timing resolutions are 130 ps
and 95 ps, respectively. Pions and (anti)proton tracks
are identified with over 99% purity at momenta up to
3 GeV/c [18, 19] in both systems.

Energy deposited at large rapidity in the Au-going di-
rection is measured by the towers in the south-side Muon
Piston Calorimeter (MPC-S) [20]. The MPC-S comprises
192 towers of PbWO4 crystal covering 2⇡ in azimuth and
�3.7 < ⌘ < �3.1 in pseudorapidity, with each tower sub-
tending approximately �⌘⇥�� ⇡ 0.12⇥0.18. Over 95% of
the energy detected in the MPC is from photons, which
are primarily produced in the decays of ⇡0 and ⌘ mesons.
Photons are well localized, as each will deposit over 90%
of its energy into one tower if it hits the tower’s center.
To avoid the background from noncollision noise sources
and cut out the deposits by minimum ionization parti-
cles (⇠ 245 MeV), we select towers with deposited energy
ETower > 3 GeV.

We first examine the long-range azimuthal angular cor-
relation of pairs consisting of one track in the central
arm and one tower in the MPC-S. Because the towers
are mainly fired by photons, and the azimuthal extent
of each energy deposition is much smaller than the size
of azimuthal angular correlation from jet or elliptic flow,
these track-tower pair correlations will be good proxies
for hadron-photon correlations without attempting to re-
construct individual photon showers. We construct the
signal distribution S(��, pT ) of track-tower pairs over
relative azimuthal opening angle �� ⌘ �Track � �Tower,
each with weight wtower, in bins of track transverse mo-
mentum pT .

S(��, pT ) =
d(wTowerN

Track(pT )�Tower
Same event )

d��
(1)

Here �Track is the azimuth of the track as it leaves the
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FIG. 1: The azimuthal correlation functions C(��, pT ), as
defined in Eq. 2, for track-tower pairs with di↵erent track
pT selections in 0%–5% central d+Au collisions (left) and
minimum bias p+p collisions (right) at

p
sNN = 200 GeV.

From top to bottom, the track pT bins are 0.2–1.0 GeV/c,
1.0%–2.0 GeV/c and 2.0%–4.0 GeV/c. The pairs are formed
between charged tracks measured in the PHENIX central
arms at |⌘| < 0.35 and towers in the MPC-S calorimeter
(�3.7 < ⌘ < �3.1, Au-going). A near-side peak is observed
in the central d+Au which is not seen in minimum bias p+p.
Each correlation function is fit with a four-term Fourier co-
sine expansion; the individual components n = 1 to n = 4 are
drawn on each panel, together with the fit function sum.

primary vertex, �Tower is the azimuth of the center of the
calorimeter tower. The wTower is chosen as the tower’s
transverse energy ET = ETower sin (✓Tower). This quan-
tity is found to be less sensitive to occupancy e↵ects
which result from multiple hits in the same tower, or a
single hit which distributes its signal between more than
one tower. To correct for the nonuniform PHENIX az-
imuthal acceptance in the central arm tracking system,
we then construct the corresponding “mixed-event” dis-
tribution M(��, pT ) over track-tower pairs, where the
tracks and tower signals are from di↵erent events in the
same centrality and vertex position class. We then con-
struct the normalized correlation function

C(��, pT ) =
S(��, pT )

M(��, pT )

R 2⇡
0

M(��, pT ) d��
R 2⇡
0

S(��, pT ) d��
(2)

whose shape is proportional to the true pairs distribution
over ��.
Figure 1 shows the correlation functions C(��, pT ) for

di↵erent pT bins, for the top 5% most central d+Au
collisions and for minimum bias p+p collisions. Near
head-on d+Au collisions show a visible enhancement of
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Mass ordering (pT < 2 GeV/c) of the v2 of identified charged particle is observed.

!

Would be expected if all particles – light and heavy – flow with a common velocity.

arXiv: 1404.7461v1Mass ordering as further indication of d+Au flow 
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FIG. 3: Measured v2(EP ) for midrapidity charged tracks in
0%–5% central d+Au at

p
sNN = 200 GeV using the event

plane method in Panel (a). Also shown are v2 measured in
central p+Pb collisions at

p
sNN = 5.02 TeV [2, 3, 5], and our

prior measurements with two particle correlations (v2(2p)) for
d+Au collisions [6]. A polynomial fit to the current measure-
ment and the ratios of experimental values to the fit are shown
in the panel (b).

resolution Res( Obs
2 ) is calculated through the standard

three subevents method [23, 24], with the other two event
planes being (i) the second order event plane determined
from central-arm tracks, restricted to low pT (0.2 GeV/c
< pT < 2.0 GeV/c) to minimize contribution from jet
fragments; and (ii) the first order event plane measured
with spectator neutrons in the shower-maximum detector
on the Au-going side (⌘ < -6.5) [24, 25]. The systematic
uncertainties on the v2 of charged hadrons are mainly
from the tracking background and pile-up e↵ects, as de-
scribed above, and also from the di↵erence in v2 from
di↵erent event plane determinations. To estimate the
systematic uncertainty of the latter we compare the v2
extracted with the MPC-S event plane with that using
the south (Au-going) beam-beam counter, and the two
measurements of v2 are consistent to within 5%.

The v2 of charged hadrons for 0%–5% central d+Au
events with event plane methods are shown in Fig. 3(a)
as v2(EP ) for pT up to 4.5 GeV/c, along with a polyno-
mial fit through the points. Also shown are our earlier
measurement with two particle correlations (v2(2p)) and
the v2 measured in the central p+Pb collisions at LHC.
Figure 3(b) shows the ratios of all of these measurements
divided by the fitting results. The v2 from our prior mea-
surements exceed the current measurement; di↵erences
range from about 15% at pT = 1.0 GeV/c and increases
to about 50% at pT = 2.2 GeV/c. However, the dif-
ferences are within the stated uncertainties from prior
measurements.

The present v2 measurement is closer to that of p+Pb

collisions [2, 3, 5], with much improved uncertainties and
extended pT range. It is about 20% higher than that of
p+Pb at pT = 1 GeV/c, and the di↵erence decreases to
few percent at pT > 2.0 GeV/c.
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FIG. 4: Measured v2(pT ) for identified pions and
(anti)protons, each charged combined, in 0%–5% central
d+Au collisions at RHIC. In panel (a) the data are compared
with the calculation from a viscous hydrodynamic model [26–
28], and in panel (b) the v2 data for pions and protons in
0%–20% central p+Pb collisions at LHC are shown for com-
parison [15].

Figure 4 shows the midrapidity v2(pT ) for identified
charged pions and (anti)protons, with charge signs com-
bined for each species, up to pT = 3 GeV/c using the
event plane method; the systematic uncertainties are the
same as for inclusive charged hadrons. A distinctive
mass-splitting can be seen. The meson v2 is higher than
the baryon for pT < 1.5 GeV/c, as has been seen univer-
sally in heavy-ion collisions at RHIC [29–34]. Figure 4(a)
also shows calculations with Glauber initial conditions
for viscous hydrodynamics starting at ⌧ = 0.5 fm/c with
⌘/s = 1.0/(4⇡), followed by a hadronic cascade [26–28].
The splitting at lower pT is also seen in the calculation.
Because there are no known CGC calculations available
that would indicate a mass-splitting, it may be challeng-
ing – even in principle – to establish the observed mass
dependence in the initial stages of the collision. The iden-
tified particle v2 in 0%–20% p+Pb collisions are shown
in Fig. 4(b) for comparison [15]. The magnitude of the
mass-splitting in RHIC d+Au is smaller than that seen
in LHC p+Pb, which could be an indicator of stronger
radial flow in the higher energy collisions.
We have presented measurements of long-range az-

imuthal correlations between particles at midrapidity and
at backward rapidity (Au-going direction) in 0%–5% cen-
tral d+Au collisions at

p
sNN = 200 GeV. We find a near-

side azimuthal angular correlation in these collisions for
pairs across |�⌘| > 2.75 which is not apparent in min-
imum bias p+p collisions at the same collision energy.
The anisotropy strength v2 is measured for midrapidity
particles with respect to a global event plane determined
from a region separated by the same pseudorapidity in-

ALICE  
Phys. Lett. B 726, 164 (2013)

arXiv:1404.7461



Geometry control: 3He+Au investigates small QGP

Further investigation of QGP in small systems 
through collisions with intrinsic ε3 
!
Possible because of great success of Au+Au 
in Run-14 and RHIC flexibility 
!
Recorded 2.2B minimum bias events; also 
centrality trigger on top 4% of beam-beam 
counter response. 
!
Rapid production pass and early look at data 
indicate non-zero v3
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FIG. 5. (Color online) (a) Rside vs. R̄, for ⟨kT ⟩ ≈ 0.4 GeV/c for d+Au, Au+Au and Pb+Pb collisions as indicated. (b) Rinv vs.
R̄ for p+Pb and Pb+Pb collisions. The ALICE and STAR data are taken from Refs. [23, 49] and [22] respectively. Systematic
uncertainties are 5.0%(7.5%) for Au+Au(d+Au). The dashed curves in a (b) represents a linear fit to the Au+Au and d+Au
(p+Pb and Pb+Pb) data sets. The dotted curve is an extrapolation of the dashed-dot curve.

the Pb+Pb data in Figs. 5(a) (dotted curve) indicates
a larger slope for Pb+Pb collisions at the much higher
energy of

√
sNN = 2.76 TeV, where the expansion rate

is expected to be larger. The observed dependencies of
Rside and Rinv on R̄ reinforce our earlier inferences that
the final-state rescattering effects, which are known to
play a dominant role in Au+Au and Pb+Pb collisions,
also play an important role in d+Au and p+Pb collisions.

In summary, we have presented detailed comparisons of
HBT radii, which emphasize trends commonly associated
with hydrodynamic-like expansion. Excellent agreement
is found between the patterns for the d+Au and Au+Au
systems. The radii extracted for the two systems at simi-
lar ⟨Npart⟩ show similar dependencies on mT , which indi-
cate a smaller geometric size (at freeze-out) for the emit-
ting source in d+Au collisions. The Rside and Rinv radii
for different systems show scaling with the initial trans-
verse size R̄, across several collision energies, which is in-
dicative of hydrodynamic-like collective expansion driven
by final-state rescattering effects. An investigation of the
interesting possibility of a similar pattern in high multi-
plicity p+p events is deferred to a future study. Our
present findings, which support the view that the expan-
sion dynamics for d+Au and Au+Au (p+Pb and Pb+Pb)
are similar, constitute a significant contribution towards
a more comprehensive understanding of the very early-
time dynamics of the matter produced in hadronic colli-
sions.
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Amparo à Pesquisa do Estado de São Paulo (Brazil), Nat-
ural Science Foundation of China (P. R. China), Min-
istry of Education, Youth and Sports (Czech Repub-
lic), Centre National de la Recherche Scientifique, Com-
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arXiv:1404.5291

R ̅dominated by the smaller extent in 
coordinate space –  compatible with 
pressure gradient driven expansion

Around √sNN ~ 30 GeV see 
maximum of emission duration 
and minimum of expansion 
velocity, behavior one would 
expect near first order phase 
transition
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Enhanced single lepton yield in the central 
and backward rapidity  
(i.e. Au-going direction). 
!
One possible explanation is heavy flavor 
flow

Heavy Flavor Single Muon RdAu 
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core-corona prediction for J/ψ suppression. reference?  in fact, looks just like Au+Au

J/ψ RAA in the asymmetric system Cu+Au
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Cu+Au collisions (symbols). Also
shown is a model [43] which esti-
mates the contribution from cold nu-
clear matter; the band represents the
extreme nPDF parameter sets as de-
scribed in [44].

Hot matter e↵ects are expected to be greater at back-
ward rapidity in Cu+Au collisions, where the particle
multiplicity should be about 20% higher in the Au-going
direction than in the Cu-going direction [35]. Increased
suppression due to higher energy density at backward
rapidity would lead to an increase in the ratio shown in
Fig. 4. Increased recombination e↵ects may also occur at
higher energy density (see for example [45]), increasing
the J/ yield and tending to decrease the ratio shown in
Fig. 4.

The new rapidity dependent Cu+Au J/ data pre-
sented here form part of a large J/ data set at RHIC
energies that includes p+p, d+Au, Cu+Cu and Au+Au
collision data. These J/ nuclear modification data re-
sult from a varied mix of energy densities and cold nuclear
matter e↵ects, providing a broad range of conditions with
which to confront models of J/ production.

V. SUMMARY AND CONCLUSIONS

We have measured the centrality dependence of J/ 
production in asymmetric Cu+Au collisions. We find the
centrality evolution of the nuclear modification (RAA)
at backward rapidity to be similar to that measured in
Au+Au collisions at the same number of participants,
while at forward rapidity (the Cu-going direction) it is
significantly smaller. At backward rapidity, in the most
central 10% collisions, RAA =0.271± 0.012± 0.042. At
forward rapidity the suppression is on average about 20%
stronger in the centrality range 0%–40%, while for the
most peripheral collisions the ratio is consistent with
unity within systematic uncertainties.

The di↵erence between forward (Cu-going) and back-
ward (Au-going) J/ modification is found to be compa-
rable in magnitude and of the same sign as the expected
di↵erence from shadowing e↵ects. These data add a com-
pletely new admixture of hot and cold nuclear matter
e↵ects to those already sampled for J/ production at

RHIC energies, broadening the range of conditions with
which models of J/ production can be confronted.
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Provides additional handle 
for investigating medium 
dependence. 
!
While the forward/backward 
RAA ratio is compatible with 
EPS09 nuclear modified 
PDFs, there is room to 
accommodate additional 
cold nuclear matter effects.
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• PHENIX result 
is in consistent 
with CMS 
result 

• Plan to make 
detailed 
upsilon 
measurement 
in sPHENIX

arXiv.1404.2246

PHENIX Upsilon Results in Au+Au

High statistics, high resolution 
upsilon measurement with 
ability to separate mass states 
is a cornerstone of sPHENIX 
physics program.

Substantial upsilon suppression in 
central events.  PHENIX result is 
compatible with CMS result.  Consistent 
with total disappearance of Υ(3S).
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Heavy quark flow in Au+Au at √sNN = 62.4 GeV

Closer to TC, potentially more strongly coupled system, heavy quark flow. 
Basis for PHENIX interest in Au+Au and p+p at √sNN = 62.4 GeV – now that silicon 
vertex detectors are installed and operating excellently. 
Related interest in direct photon yield and v2 and dilepton yield at √sNN = 62.4 GeV. 

17

[GeV/c]Tp
0 1 2 3 4 5

2v

-0.1

0

0.1

0.2

0.3

0.4

0.5
Au+Au at 62.4GeV

2 v±Heavy Flavor e
0<Centrality<20%

[GeV/c]
T

p
0 1 2 3 4 5

-0.1

0

0.1

0.2

0.3

0.4

0.5

20<Centrality<40%

[GeV/c]
T

p
0 1 2 3 4 5

-0.1

0

0.1

0.2

0.3

0.4

0.5

40<Centrality<60%

FIG. 22: (Color online) Heavy flavor electron v2 in Au+Au collisions at
√
sNN = 62.4 GeV for 0%–20% (left), 20%–40%

(middle) and 40%–60% (right) centrality bins.
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FIG. 23: (Color online) v2 of heavy flavor electrons and π0 in the pT range 1.3 < pT < 2.5 GeV/c for centrality 0%–20% (top
panel) and 20%–40% events in Au+Au collisions as a function of collision energy.
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FIG. 24: (Color online) Heavy flavor electron v2 in Au+Au
collisions at

√
sNN = 62.4 GeV compared with multiple the-

ory curves.

trons in Au+Au at
√
sNN = 200 GeV, but is compara-

ble to the enhancement observed in d+Au collisions at√
sNN = 200 GeV. Hence it is possible that the initial

state Cronin enhancement becomes the dominant effect

at low to moderate pT for heavy quarks at this lower
beam energy compared to energy loss in the medium.
The measured v2 of heavy flavor electrons is nonzero
when averaged across pT between 1.3 and 2.5 GeV/c.
The heavy-flavor v2 is smaller than the π0 v2, and may
be caused by collective motion of charm quarks them-
selves and/or charmed hadron accruing collective motion
through recombination with flowing light partons. Fur-
ther understanding of the properties of the medium and
energy loss of the heavy quarks at 62.4 GeV requires the
measurement of cold nuclear matter effects on heavy fla-
vor through p+p or d+A collisions at 62.4 GeV, as well as
a separation of the individual contributions from charm
and bottom hadrons.
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Charm quarks in 62 GeV Au+Au

arxiv:1405.3301

Surprisingly, charm mesons still
show a positive v2 at 62 GeV even
though it is not supressed

Is charm actually flowing, or is this
v2 just from recombination with a
light quark?

More data will be needed to sort un-
derstand charm flow at 62 GeV

PHENIX Heavy Flavor : 2014-05-19 Alan Dion 6



Recent PHENIX accomplishments in spin physics
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TABLE VI. Combined ⇡

0
ALL values from the PHENIX data sets at

p
s = 200 GeV. Fully pT correlated systematic uncertainties

that are considered uncorrelated by run-year are given in the table. The run-year correlated parts of the polarization scale
uncertainty, 4.8%, and the relative luminosity shift uncertainty, 4.2⇥ 10�4, are not included.

p⇡0

T bin hp⇡0

T i A⇡0

LL A⇡0

LL(Stat) �A⇡0

LL(RL Syst) �A⇡0

LL(Pol. Syst) �A⇡0

LL(Tot. Syst)

(GeV/c) (GeV/c) ⇥10

�4 ⇥10

�4 ⇥10

�4 ⇥A⇡0

LL ⇥10

�4

1–1.5 1.30 5.1 8.5 3.5 3.4% 3.6

1.5–2 1.75 9.6 5.5 3.3 3.5% 3.3

2–2.5 2.23 3.9 5.8 3.4 3.5% 3.4

2.5–3 2.72 -2.3 7.4 3.6 3.4% 3.7

3–3.5 3.22 6 11 4.0 3.2% 4.0

3.5–4 3.72 2 15 4.1 3.1% 4.1

4–5 4.39 13 18 4.3 3.1% 4.3

5–6 5.40 26 35 4.5 3.0% 4.5

6–7 6.41 -39 61 4.5 2.9% 4.6

7–9 7.74 96 85 4.5 2.9% 5.3

9–12 10.0 80 180 5.8 3.3% 6.5

12–15 13.1 610 690 10 3.0% 21

TABLE VII. Combined ⌘ ALL values from the PHENIX data sets at
p
s = 200 GeV. Fully pT -correlated systematic uncertainties

that are considered uncorrelated by run-year are given in the table. The run-year correlated parts of the polarization scale
uncertainty, 4.8%, and the relative luminosity shift uncertainty, 4.2⇥ 10�4, are not included.

p⌘
T bin hp⌘

T i A⌘
LL A⌘

LL(Stat) �A⌘
LL(RL Syst) �A⌘

LL(Pol. Syst) �A⌘
LL(Tot. Syst)

(GeV/c) (GeV/c) ⇥10

�4 ⇥10

�4 ⇥10

�4 ⇥A⌘
LL ⇥10

�4

2–3 2.46 -27 37 4.5 3.0% 4.6

3–4 3.35 1 44 4.7 2.8% 4.7

4–5 4.38 2 77 4.8 2.8% 4.8

5–6 5.39 100 140 4.8 2.8% 5.5

6–7 6.41 80 230 4.4 3.0% 5.0

7–9 7.69 130 410 10 3.0% 11
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FIG. 12. (color online) Points are the combined ALL vs. pT for ⇡

0 mesons from 2005 through 2009 with the statistical
uncertainty. The pT correlated systematic uncertainty given by the gray bands is the result of combining the year-to-year
uncorrelated parts of the systematic uncertainties on relative luminosity and polarization. The year-to-year correlated parts
are given in the legend. Plotted for comparison are several expectations based on fits to polarized scattering data, with
uncertainties where available.

Phys. Rev. D 90, 012007 – Published 17 July 2014

…the key ingredients to our new QCD analysis are


the 2009 STAR [6] and PHENIX [7] data on the double-


spin asymmetries for inclusive jet and π0 production.

Phys. Rev. Lett. 113, 012001 (2014)

Evidence for Polarization of Gluons in the Proton 

de Florian, Sassot, Stratmann, Vogelsang
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FIG. 14. (color online) Change in �

2 as a function of �G

[0.05,0.2]

dssv08, when adding PHENIX 2009 ⇡

0 data to the dssv08 global

analysis (which includes earlier PHENIX ⇡

0 data). (a) Contribution of the combined PHENIX data at
p
s = 200 GeV to the

global �2 of the dssv08 analysis using only statistical uncertainties. The di↵erent curves show the e↵ect of shifting only the
PHENIX data points up or down by their total systematic uncertainty, which is pT correlated. (b) The e↵ect of shifting only
the PHENIX

p
s = 200 GeV data points on the dssv08 global �2.

the range of e↵ective exponents for the limiting low and
high-x behavior after the neural network terms have been
included.

Fig. 12(b) includesA⇡

0

LL predictions based on the BB10,
LSS10, and NNPDF polarized PDF determinations. For
BB10 and LSS10, we evolved their published polarized
PDFs to various µ

2 using the QCD-PEGASUS pack-
age [40] and used these to calculate the pT dependent
polarized cross section for inclusive ⇡

0 production with
code based on [41] that uses the DSS NLO fragmentation
functions [24]. The unpolarized cross section for the de-
nominator was calculated via the same two-step process
starting from the CTEQ-6 PDFs [42]. The BB10 un-
certainty band was calculated using the Hessian method
with a set of polarized PDFs obtained from the param-
eter covariance matrix in the BB10 publication. The
NNPDF prediction was provided by that group, using
their polarized PDFs supplemented by preliminary W
boson asymmetry measurements from the STAR experi-
ment [43, 44]. Neither the BB10 nor NNPDF prediction
accounts for uncertainties in the determination of the ⇡

0

fragmentation functions.
One feature of the predictions is that the BB10 un-

certainty band is smaller than the NNPDF band at
pT ⇡ 3 GeV/c but quickly exceeds it as pT increases.
Likewise, as can be seen in Ref. [38], at an input scale of
4 GeV2, the uncertainty on the BB10 prediction for �g,
which neglects bias from the choice of functional form,
is smaller than that for NNPDF at low-x but exceeds
it as x increases. Future inclusion of the PHENIX A

⇡

0

LL
into the NNPDF analysis may provide some insight into
whether or not this is due to a bias in the choice of func-
tional form at medium-x, particularly in the RHIC range
of [0.05, 0.2].

The dssv08 global analysis [10], which is also based
on the pPDF parameterizations of Eq. 15, includes, in

addition to DIS and SIDIS data, final 2005 RHIC data
[16, 23] and preliminary versions of the 2006 RHIC data
presented in [18, 20, 22]. The results of that analy-
sis, which yields a much more accurate determination

of �g(x), are compared with A

⇡

0

LL in Fig. 12(a). We also
ran an updated version of the dssv08 analysis to include
final versions of the RHIC data through 2006 [18, 20, 22]

along with the final A⇡

0

LL results presented here. We ob-

tained �G

[0.05,0.2]

dssv08 = 0.06+0.04
�0.06(��

2 = 1)+0.11
�0.15(��

2 = 9),

where the ��

2 = 9 uncertainties roughly correspond to
the 2% change in ��

2

/�

2

min

used to determine the un-
certainties in the dssv08 global analysis. The full ��

2

curve from our updated analysis is shown as the central
curve in Fig. 14(b). Fig. 14(a) shows the contribution
from PHENIX data to that curve, and that data prefers

�G

[0.05,0.2]

PHENIX = 0.07+0.05
�0.08(��

2 = 1).

Systematic uncertainties for the RHIC dataset were
not included in the dssv08 analysis. However, the
PHENIX relative-luminosity systematic uncertainty now

exceeds the statistical uncertainty on A

⇡

0

LL in the lowest
pT bins. To understand the impact of this on the fit re-
sult, we shifted the PHENIX

p
s = 200 GeV data up

and down by the systematic uncertainties given in the
final column of Table VI, while ignoring the systematic
uncertainties of all other data sets. As demonstrated
in Fig. 14, this changes the global best-fit value to 0.12
or 0.02, with the value preferred by the PHENIX data
changing to 0.17 or �0.03. It is therefore necessary to
include this uncertainty in future global analyses to ob-
tain accurate determinations of �G.

Recent very successful six week “spin fest” at UIUC (M. Perdekamp):  
	 24 participants, lectures, work on analysis. 
Worked with BNL public affairs (from PHENIX: J. Lajoie, K. Boyle) and STAR to 
produce BNL news story about spin – to be released soon.
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Dark photons
π0

γ∗

e+

e−

γ

γ∗

U

With recent combined limits, essentially all phase space for the dark 
photon as an explanation of the (g-2)μ anomaly has been ruled out. 17
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arXiv:1409.0851arXiv:1406.2980BaBar PHENIX

PHENIX: excellent electron ID 
and e+e– mass resolution – huge 

sample of π0 Dalitz decays



Klaus Dehmelt

PHENIX during Run-14

08/13/2014

At the last S&T review, data taking efficiency was ~70%.  Repeatable stores, steady C-AD 
operation, longer PHENIX runs, and dedicated attention to operations has raised this to >80%.
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Pixel live area StriPixel live area
VTX performed very stably during Run-14

• VTX is in its best running condition 
• Live area in CM acceptance: B0:98% B1:83%  B2: 95%   B3: 84%
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recorded luminosity in VTX 
acceptance

DCA resolution in Run-14 data

Run-14: focus on heavy flavor

2.3/nb or 14.3 B Au+Au events recorded within |z|<10cm (good VTX acceptance) 
Total # of events recorded > 17 Bi 
DCA resolution 80μm for pT > 1 GeV achieved in Run-14. Will be improved by 
further refinement of alignment/calibration
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Finalizing Run-11 analysis

• We are finalizing the Run-11 data analysis

• DST production has been re-done with better calibration and 

improved code

• ~2.8 billion events in VTX acceptance reconstructed

• Q/A check of the data on going


– DCA resolution is stable (~75 micron for pT>1GeV/c) during the run

• Final b→e/c→e measurement results by the end of the year
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FVTX Physics Performance 
Reaction Plane, Vertex : Currently provides best resolution RP in 
PHENIX, separates multiple vertices in 510 GeV p+p

 

Vector Mesons:  


➢ Opening angle measurement improves mass resolution

➢ Rejection of hadronic backgrounds improves signal:background


!
W Analysis:


➢ Potential to improve signal:background through background 
rejection (in progress)

!

Open Heavy Flavor:

➢ Rejection of hadronic backgrounds improves signal:background

➢ DCA measurements allows c, b separation

➢ Needed DCA resolution has been achieved


!
Drell-Yan:


➢ Rejection of hadronic backgrounds through track quality cuts

➢ Isolation cuts further discriminate DY from other dimuon 

backgrounds.


Reaction Plane from FVTX, BBC
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FVTX First Results
Reaction Plane and Flow


➢ FVTX used in CuAu analyses

!

J/ψ: ψ’ ratio at forward rapidity  

➢ First J/ψ:ψ’ ratio at forward rapidity extracted

➢ J/ψ:ψ’ ratio from CuAu in progress


!
Event Topology


➢ J/ψ yield versus event topology can shed light on 
production mechanisms, analysis in progress

!

Open Heavy Flavor

➢ Good DCA resolution now obtained. Proceeding on full 

data productions and analysis

!

W and Drell-Yan:

➢ FVTX provides unique rejections of hadronic 

backgrounds (track quality and isolation cuts) 

      and heavy flavor

➢ Analysis in progress


First J/ψ:ψ’ ratio at forward rapidity

CuAu
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Run 14 Au+Au Performance 

!
• Large fraction of FVTX detector live for 

Run 14 data taking.

!

!
!
!

• Detector aligned in close to real-time 
(early in Run 14). Few μm residuals 
obtained.

!
!
!

• Clear J/ψ peak from muon arms 
reconstructed online. Full data 
production with all detectors coming 
soon.

South Reconstructed Coords Per Station

North Reconstructed Coords Per Station

Wedge Residual 
After align
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 MPC-EX: The Big Questions

• What is the gluon density in heavy nuclei in the RHIC 
kinematic range?  

• What role does saturation play in determining this gluon 
density in heavy nuclei? What is the saturation scale Qs, 
and how does it depend on A and x? 

• What is the relationship between the proton spin and 
transverse motion of its partonic constituents?



The Muon Piston Calorimeter Extension (MPC-EX)

MPC

MPC-
EX

p+Au: Gluons in Nuclei

ESP09 extents

Colored band = range 
with MPC-EX direct 
photon data

polarized p+p:  
origin of AN
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MPC-EX Installation

• PHENIX Installation Schedule calls for (Don Lynch):

• MPC-EX N installation and testing 9/8-9/26

• MPC-EX S installation and testing 10/6-10/24


• MPC-EX Group is aiming for completion of MPC-EX N assembly by 9/15

• Currently assembling each layer at SB, cosmics test ~1 day, assemble next layer and 

test again,…


• Exact date of completion of MPC-EX S depends on ROC delivery, expect to 
be able to meet PHENIX installation window


• MPC-EX group committed to the goal of 100% live channels…



Low-mass dileptons: HBD analysis central collisions 0-10%

• Two groups (Wiezmann, SBU) have 
conducted independent (though 
coordinated) analyses.  SBU analysis is 
a “blind” analysis – due to be 
“unblinded” soon. 

• Quantitative understanding of the 
background verified by the like-sign 
spectra.  

• Combinatorial background determined 
using the mixed event technique and 
taking into account flow. 

• Correlated components (cross pairs, jet 
pairs and e-h pairs)     independently 
simulated and absolutely normalized.  

• Background shape reproduced at sub-
percent level for masses 
m > 150 MeV/c2 
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Physics in addition to dielectrons enabled by the HBD

• Used to reject backgrounds for high pT charged tracks, electron ID 
• Double Spin Asymmetry of Electrons from Heavy Flavor Decays in p+p 

Collisions at √s = 200 GeV  
  Phys. Rev. D 87, 012011 (2013) 

• Constraining gluon polarization contribution to the proton spin with high pT 
charged pion production in p+p collisions at  
√s = 200 GeV  
  arXiv:1409.1907 (submitted to Phys. Rev. D) 

• Heavy quark production and elliptic flow in Au+Au collisions at  
√sNN = 62.4 GeV  
  arXiv:1405.3301 (submitted to Phys. Rev. C)
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Concept for an Electron Ion Collider (EIC)
detector built around the BaBar solenoid

The PHENIX Collaboration
February 3, 2014
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An Upgrade Proposal from the PHENIX Collaboration

Original: July 1, 2012
Updated: October 1, 2013
Updated: June 19, 2014

PHENIX Beam Use Proposal
Run-15 and Run-16

Submitted May 29, 2014

Future Opportunities in p+p and p+A
Collisions at RHIC with the Forward

sPHENIX Detector

The PHENIX Collaboration
April 29, 2014

Beam Energy Scan II (2018–2019)

PHENIX Collaboration White Paper
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Emergent Phenomena
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Connection from the QCD Lagrangian to

phenomena of confinement and asymptotic freedom 

was fundamental

!
Connection from QCD to the emergent phenomena of near 
perfect fluidity of the Quark-Gluon Plasma near the phase 
transformation is just as fundamental

Pinning down the fluid 
imperfection (η/s) tells us 

the nature of the QGP,

 while leaving open the 

“how” and “why” questions



LHC Physics in the Next Ten Years
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Run 2 Run 3

Pb+Pb Pb+Pb/p+Pb Pb+Pb/p+Pb/Ar+Ar

sPHENIX measurements well timed with 

LHC Run-3 measurements


!
Very good for enabling theory focus 


on simultaneous understanding

RHIC



sPHENIX Project

sPHENIX Science DOE Review took place on July 1-2, 2014 
!

Very encouraging outcome. 
Specific advice to optimize key parts of the program  

(in particular the tracking). 
!

Working towards updated MIE in early November. 
Integration of physics with Long Range Plan priorities. 

!
Ed O’Brien will talk tomorrow about many specifics of the project.



Summary

• The RHIC Runs since the last S&T review (Run-12, -13, -14) have all been very 
successful for PHENIX (unique systems, high luminosity, growing efficiency). 

• The collaboration continues to be very productive on many fronts (e.g., record 
number of publications) 

• The VTX and FVTX performed extremely well during Run-14 and we have 
groups working diligently toward publishable results. 

• The MPC-EX will be installed for Run-15 and the collaboration is excited about 
the physics it enables 

• The Collaboration has developed detailed plans for the longer term involving a 
radical rebuilding of the detector to focus on high pT jets, direct photons, 
hadrons, upsilons, and their correlations to answer “how and why” questions of 
the QGP.
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Papers submitted/published in last 12 months
Low mass vector mesons production at forward rapidity in p+p Collisions at √s = 200 GeV  
	 arXiv:1405.4260, submitted to Phys. Rev. D 
!
Comparison of the space-time extent of the emission source in d+Au and Au+Au collisions at √sNN = 200 GeV 
	 arXiv:1404.5291, submitted to Phys. Rev. Lett. 
!
Nuclear matter effects on J/psi production in asymmetric Cu+Au collisions at √sNN = 200 GeV 
	 arXiv:1404.1873, submitted to Phys. Rev. C 
!
Centrality dependence of thermal photon production in √sNN = 200 GeV Au+Au collisions 
	 arXiv:1405.3940, submitted to Phys. Rev. C 
!
Measurements of long-range angular correlation and quadrupole anisotropy of pions and (anti)protons in central  
d+Au collisions at √sNN = 200 GeV 
	 arXiv:1404.7461, submitted to Phys. Rev. Lett. 
!
PHENIX centrality categorization in d+Au collisions at √sNN = 200 GeV 
	 arXiv:1310.4793, submitted to Phys. Rev. C 
!
Inclusive double-helicity asymmetries in neutral pion and eta meson production in p+p Collisions at √s = 200 GeV 
	 Phys. Rev. D 90, 012007 (2014) 
!
The cross-section for bb ̅production via dielectrons in d+Au collisions at √sNN = 200 GeV 
	 arXiv:1405.4004, submitted to Phys. Rev. C
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Heavy Quark Production and Elliptic Flow in Au+Au Collisions at √sNN = 62.4 GeV 
	 arXiv:1405.3301, submitted to Phys. Rev. C 
!
Cold nuclear matter effects on heavy-quark production at forward and backward rapidities in d+Au collisions at 
√sNN = 200 GeV 
	 arXiv:1310.1005, submitted to Phys. Rev. C 
!
Quadrupole anisotropy in dihadron azimuthal correlations in central d+Au collisions at √sNN = 200 GeV 
	 Phys. Rev. Lett. 111, 212301 (2013) 
!
Nuclear modification of ψ’, χc and J/ψ production in d+Au collisions at √sNN = 200 GeV 
	 Phys. Rev. Lett. 111, 202301 (2013) 
!
Azimuthal-angle dependence of charged-pion-interferometry measurements with respect to 2nd and 3rd-order 
event plane in Au+Au collisions at √sNN = 200 GeV 
	 arXiv:1401.7680, submitted to Phys. Rev. Lett. 
!
Measurement of K0s and K*0 in p+p, d+Au and Cu+Cu collisions at √sNN= 200 GeV 
	 arXiv:1405.3628, submitted to Phys. Rev. C 
!
System-size dependence of open-heavy-flavor production in nucleus-nucleus collisions at √sNN = 200 GeV 
	 arXiv:1310.8286, submitted to Phys. Rev. C 
!
Azimuthal-angle dependence of charged-pion-interferometry measurements with respect to 2nd and 3rd-order 
event plane in Au+Au collisions at √sNN = 200 GeV 
	 arXiv:1401.7680, submitted to Phys. Rev. Lett.
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Measurement of transverse-single-spin asymmetries for midrapidity and forward-rapidity production of hadrons in 
polarized p+p collisions at √s = 200 and 62 GeV 
	 arXiv:1312.1995, submitted to Phys. Rev. C 
!
Heavy-flavor electron-muon correlations in p+p and d+Au collisions at √s = 200 GeV 
	 Phys. Rev. C 89, 034915 (2014) 
!
Azimuthal anisotropy of π0 and η mesons in Au+Au collisions at √sNN = 200 GeV 
	 Phys. Rev. C 88, 064910 (2013) 
!
Measurement of the Upsilon cross section in p+p and implications to the nuclear modification factor in Au+Au at 
√s = 200 GeV 
	 arXiv:1404.2246, submitted to Phys. Rev. C 
!
Transverse-energy distributions at midrapidity in p+p, d+Au, and Au+Au collisions at √sNN = 62.4 – 200 GeV and 
implications for particle-production models 
	 Phys. Rev. C 89, 044905 (2014) 
!
Cross section and transverse single spin asymmetry of η Mesons in p↑+p collisions at √s = 200 GeV at Forward 
Rapidity 
	 arXiv:1406.3541, submitted to Phys. Rev. D  
!
Constraining gluon polarization contribution to the proton spin with high pT charged pion production in p+p 
collisions at √s = 200 GeV 
	 arXiv:1409.1907 (submitted to Phys. Rev. D) 
!
Closing the door for dark photons as the explanation for the muon g-2 anomaly 
	 arXiv:1409.0851, submitted to Science
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MPC-EX Fabrication Status
• Micromodule Fabrication and Testing (BNL/SB) 

• 192 modules required per MPC-EX arm (384 total) 
• As of 8/22 a total of 321 micromodules have been assembled: 

• 222 micromodules wire bonded and tested 
• Of these 196 are “good” – good leakage current and no dead areas 
• Of remaining 26 -  8 “dead/bad”, 5 have confirmed dead areas, 9 require additional testing, 4 draw 

very high current at low bias voltage 
• 99 micromodules awaiting wire bonding 
• Sufficient micromodules on hand for MPC-EX N  

• Additional 100 ROCs have been ordered, sufficient parts on hand to “overproduce” 
to account for losses at various production stages.  

• Losses in ROC testing unexpectedly high at 24%, classifying for possible later use 

• Sensor Testing and Delivery 
• Yonsei has completed total delivery of 480 sensors + (40 sensors are “2nd class” 

sensors, slightly higher leakage current but still acceptable) 
• Carrier Boards 

• Carrier board and tungsten lamination underway (BNL)
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MPC-EX Electronics
• Added Chuck Pancake (SB) and Joszef Imrek (BNL) to FEM design/

firmware 
• Rev0 FEM is being used for FPGA development but not acceptable for 

final detector: 
• Choice of FPGA pins for LVDS not consistent with mfg. specification; some wire-

mod error correction; change in design of readout cable routing and slow controls 
connection 

• Rev1 FEM completed and reviewed 8/23 
• Expect completion of CB readout and optical link testing ~ 1 week 

• FEM P/S Board in Production 
• Electronics Box Mock-Up Completed 
• Remaining Elements: 

• RPi to LVDS for FEM connection (BNL) 
• Cable interconnect (L/R styles – BNL, out for production)
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